To describe validation and performance of epoc, a blood gas analysis point-of-care system, in a live clinical setting.
Blood gas analysis can be performed in a laboratory or at the point of care (POC). The advantages of central laboratory testing include higher accuracy and precision associated with the use of a few large, well-maintained instruments operated by highly trained laboratory professionals, as well as lower costs due to the cheaper reagents and more efficient use of labor. Transport delays, sample queuing, and the need to look up the results in the electronic medical record have led many hospitals to use POC devices for urgent samples. Although POC instruments provide much faster turnaround times than a central laboratory, the reliability of results can be compromised because of testing by clinical staff, whose primary expertise is not laboratory work. In addition, the cost per test is usually higher for POC assays due to higher reagent/cartridge costs. 1, 2 Historically, i-STAT instruments (Abbott Point of Care, Princeton, NJ) dominated the POC blood gas and electrolyte testing market in the United States. [3] [4] [5] The US Food and Drug Administration approved the epoc blood gas and electrolyte analysis system (Alere, Waltham, MA) in 2006 for testing many of the analytes available on the i-STAT platform. The epoc instruments, which use similar technology to the i-STAT, are being marketed as a costeffective alternative. In addition to cost, the advantages of epoc include built-in Wi-Fi connectivity and individually barcoded cards that can be stored at room temperature. 6 The analytical performance of the epoc blood analysis system was found to be comparable to the i-STAT for pH, CO 2 , O 2 , sodium, potassium, ionized calcium, and hematocrit. 7 Our institution was among the first large academic medical centers to implement the epoc. This communication describes the performance of the epoc system in a large clinical setting and its effects on the total use of blood gas analysis. We also extend the prior analytical evaluation to include glucose and lactate, two analytes that were not previously available on the epoc, and correlate the epoc results with central laboratory methods.
Materials and Methods

epoc Blood Analysis System
The epoc system consists of test cards containing the sensors, a wireless card reader, and a personal data assistant (PDA) for data analysis. 7 The test cards use selective electrode potentiometry to measure pH, pCO 2 , sodium, potassium, and ionized calcium. Glucose, pO 2 , and lactate are measured amperometrically. Hematocrit is determined conductometrically. Bicarbonate, total carbon dioxide, base excess, oxygen saturation, and hemoglobin are calculated. 8 The epoc card reader is a battery-powered portable device with a barcode scanner. Insertion of a test card into the reader releases calibration fluid over the sensors. After completion of a 190-second calibration cycle, the user has seven minutes to apply a patient sample to the card. The reader then sends the sensor data via Bluetooth to the PDA. The PDA is a handheld computer that calculates analytical values from the data sent by the reader. The host displays the results and sends them via Wi-Fi to the hospital network.
Evaluation Site
Data were collected at the Columbia University Medical Center (CUMC) campus of New York-Presbyterian Hospital (New York, NY), a tertiary care academic medical center with more than 1,000 adult and pediatric inpatient beds. Active transplant, cardiac, and general surgical services; multiple intensive care units (ICUs); and two emergency departments require fast turnaround times for blood gas results.
In 1995, the CUMC introduced i-STAT POC devices for measuring blood gases, electrolytes, and hemoglobin in adult and pediatric ICUs, operating rooms, and the pediatric emergency department. Initially, two types of instruments were used: 140 blood analysis modules (BAMs) built into patient monitors in the adult ICUs and 52 portable i-STAT clinical analyzers (PCAs) used in the pediatric emergency department, pediatric ICUs, and the operating rooms. Over time, the hospital discontinued using BAMs, and by 2008, only the portable PCAs were in use. Departments that did not use i-STAT instrumentation sent samples requiring blood gas analysis to the centralized core laboratory, where they were analyzed with Nova CCX instruments (Nova Biomedical, Waltham, MA).
In 2010, the hospital replaced the i-STAT instrumentation with epoc blood analysis systems. In addition, epoc instruments were deployed in several locations that were not previously using i-STAT devices for blood gas measurements. A total of 156 epoc systems were deployed over approximately three months. Each system consisted of a reader and a PDA. The vendor and the POC service staff trained more than 800 nurses, 300 physicians, 70 respiratory therapists, and 20 perfusionists. Training sessions lasted approximately one hour and included hands-on demonstrations of the instruments. Initial competency was assessed by a written quiz and direct observation of testing using quality control (QC) material. Competency was reassessed six months after initial training using direct observation of patient testing combined with an online review course and quiz.
Evaluation Protocol
Precision was assessed by analyzing three levels of aqueous QC material (Eurotrol BGEM control fluids [Eurotrol, Burlington, MA] and Mission Blood Gas and Electrolytes Control Calibration Verification Set [Diamond Diagnostics, Holliston, MA]) on 10 consecutive days. The precision data shown in this article are based on 37 readers. Three levels of QC material were run on each reader every day for 10 consecutive days, giving 370 measurements for each level of QC material. The means, standard deviations, and coefficients of variation were then calculated with Excel 2008 (Microsoft, Redmond, WA).
Linearity studies were performed on all 156 instruments with five levels of commercially available linearity material (RNA Medical, Devens, MA), with three repetitions of each level. Acceptability criteria were a slope between 0.9 and 1.1 and a recovery between 90% and 110%.
Correlation studies were performed on 15 randomly selected epoc systems, representing 10% of the analyzers purchased. Residual sample volume from patient samples collected for clinical analysis on Nova CCX instruments in the core laboratory was used for these studies. Samples collected in lithium heparin syringes were of arterial, mixed venous, and venous types. Approximately 40 patient samples were analyzed on each of the 15 epoc systems and on two i-STAT instruments; results from the 15 epoc systems were compared with those from the i-STAT analyzers and Nova CCX instruments.
Quality Assurance Data
After implementation of the epoc blood gas analyzer, the following quality assurance (QA) data were collected with the Electronic Data Manager (Alere) and analyzed in Excel 2008 (Microsoft): number of tests performed, number of tests reported in the electronic medical record, test card failure rate, and error codes associated with test card failures.
The number of instruments replaced during the first year of use was tracked manually. Comparable QA data for i-STAT had been collected previously with an i-STAT Central Data Station. Data for the core laboratory were obtained with the laboratory information systems (Mysis, Tucson, AZ, and Cerner Millennium, North Kansas City, MO).
Results
Analytical Performance
Precision studies were performed by analyzing three levels of QC material on 10 consecutive days on each epoc instrument. Summary data from 37 representative instruments are shown in ❚Table 1❚. Coefficients of variation were generally close to the manufacturer's specifications and met clinical needs (0.1% for pH and up to 0.9% for sodium, 3.3% for pCO 2 , and 1.4% for potassium). Linearity studies showed recoveries between 90% and 110% on all 156 instruments (data not shown).
Fifteen randomly selected instruments were correlated with the Nova CCX and i-STAT instruments ❚Table 2❚. The coefficient of determination for all analytes for both instrument comparisons was greater than 0.90. The R 2 for all analytes ranged from 0.901 (sodium) to 0.994 (potassium) with the Nova instrument and from 0.961 (sodium) to 0.991 (glucose) with the i-STAT instrument. The bias between the methods was assessed at two clinical decision levels for each analyte and met clinical needs.
Test Card Failure Rate
The epoc analyzer is an automated self-monitoring system. It monitors internal circuitry and reports problems on the display screen. Messages indicate the cause of the malfunction. Examples of user-generated errors include insufficient amount of sample, sample injected too early, or sample not introduced within seven minutes of calibration. Examples of instrument-or test card-generated errors include lack of calibration fluid in the test card or failure of QC of the fluidics channels or sensors. Failure rates of the system were broken down into two main categories: (1) "Card Failures," in which the entire test card failed and no assays were performed, and (2) "Internal Quality Control (IQC) Errors," in which single or multiple analytes failed to pass the IQC and, thus, individual assays were not reported but other results were available. ❚Table 3❚ shows the card failure rate of the epoc and i-STAT cartridges over a 12-month period. The mean complete card failure rate was 13.0% for epoc and 4.7% for i-STAT. IQC errors were less frequent than card failures for both the epoc and the i-STAT systems. The mean IQC error rate for epoc was 3.1% during the 12-month study period; thus, for the 106,360 successful test cards used, approximately 3,780 cards had at least one IQC error for an analyte. The mean i-STAT IQC error rate was 0.9% in the year before epoc implementation.
❚Table 4❚ highlights the clinical units that had the highest and lowest overall failure rates using the epoc system. The average failure rate was highest in the adult emergency department (43% total failure rate) and in various ICUs. The lowest failure rates were in the children and adult hospital cardiovascular operating rooms (CVORs). The mean total failure rate in 2011 was 13% in the adult CVOR and 15% in the children's CVOR. In the CVOR locations, only perfusionists perform POC blood gas tests, whereas on all other units these tests are primarily performed by nurses, respiratory therapists, and/or anesthesiologists. The children's hospital ICU also had a low total rate of test card failure, averaging 14% for the year. The epoc card failure rate was significantly higher than the failure rate of the i-STAT cartridges in the previous year. Because this was a new system, we instituted retraining programs to units with higher-than-average failure rates within 3 months of initial training; however, no appreciable decline in card failure rates was seen after secondary training. By the end of 2011, all units had used the epoc system for at least six months, yet the test card error rate remained high (only a 1.2% decrease over 12 months from 17% to 15.8%).
Reader and Host Failure Rate
A total of 156 PDAs and card readers were deployed throughout the institution. Each reader was paired with its own PDA; thus, if one of the two parts was malfunctioning, the entire unit would be returned to the biomedical engineering department. Over the course of 2011, 49 (33%) PDAs and 37 (24%) card readers needed to be repaired and/ or replaced for various reasons. Because our usage model considered the paired readers and PDAs as one unit, 55% of the original inventory of PDA/reader units needed to be repaired and/or replaced within one year of implementation.
Common reasons for PDA failures included broken power connectors, damaged reset buttons, and host cradles breaking inside the reader. Common causes for reader malfunction included readers not powering on and failing to read barcodes. Investigation into the mechanical failures discovered multiple potential causes, such as corrosion inside the instruments, blood contamination inside the readers, improper host cradle assembly, and use of an inappropriate power supply leading to battery failure.
Usage Data
In 2010 before implementation of the epoc system, results of 87,532 blood gas panels were reported using the i-STAT system. In 2011, 101,808 blood gas panels were reported with the epoc system, a 16.3% increase in POC blood gas testing. Interestingly, the number of blood gas panels reported from the core laboratory decreased from 103,098 panels in 2010 to 78,519 in 2011, a decrease of 23.8%. Overall, the total number of blood gas panels performed at the CUMC (both at the POC and in the core laboratory) decreased from 190,630 in 2010 to 180,327 in 2011, a decrease of 5.4%.
Discussion
The epoc blood analysis system showed high precision and good correlation with the i-STAT platform for all nine directly measured analytes. This confirms previous findings showing good correlation of the epoc and i-STAT systems for seven of these analytes (glucose and lactate were not previously available on the epoc platform). 7 We also found good correlation with the Nova CCX, a central laboratory blood gas instrument. However, there was a clear bias toward lower O 2 levels on the epoc and i-STAT instruments relative to the Nova CCX results.
Of 122,317 epoc test cards used at the CUMC during the first year after implementation, 15,957 (13%) failed. An additional 3,781 (3.1%) cards yielded only partial results because one or more analytes failed the IQC check (IQC errors). This compared unfavorably with a cartridge failure rate of 4.7% and an IQC error rate of 0.9% for the i-STAT instruments during the previous year. In addition, 31% of the epoc PDAs and 24% of the card readers failed and had to be returned to the manufacturer for repair or replacement.
The high card failure rate after implementation was expected because the epoc system was new to our institution and was also deployed at several sites within the hospital that did not previously perform POC blood gas testing. During the first year after implementation, the POC department retrained staff in units experiencing the highest card failure rates; however, retraining did not significantly decrease card failure rates. The highest card failure rates (20%-40%) continued to occur in areas that previously did not offer POC blood gas testing, confirming unsatisfactory user competency as a major contributing cause. Units that had a dedicated core group of testing personnel, such as the CVOR perfusionists, had the lowest failure rates (15%).
Our usage model viewed each paired epoc PDA and reader as one unit and returned them together to the manufacturer for repair. Therefore, when 31% of our PDAs and 24% of our card readers failed during the first year, the failures affected 55% of our inventory of epoc systems. An alternate usage model could have been implemented whereby any PDA could be used with any reader. With this model, the overall number of damaged inventory at any given time would have been less since only the individual damaged component (ie, PDA or reader), and not both parts, would be returned for service. Had we instituted the latter model, the damaged equipment for the first year would have totaled 86 of 312 PDAs and readers, or 28% of the total inventory.
Our hospital replaced 52 i-STAT instruments with 156 epoc analyzers. This allowed the deployment of more analyzers to established sites of POC testing, as well as expansion of the POC program to new sites. This resulted in an increase in annual POC blood gas testing by 14,276 panels or 16.3%. The number of blood gas panels performed in the core laboratory decreased by 24,579 or 23.8%. This decrease can be directly attributed to the deployment of epoc analyzers to new POC sites that did not use the i-STAT before epoc implementation.
In summary, implementing and expanding a new POC blood gas testing program requires investment from all relevant hospital departments. Our experience provides examples of some factors that can determine the success or failure of such a project ❚Table 5❚. Challenges faced during this implantation arose from a lack of user familiarity with the test system, a high card failure rate, and inventory supply problems due to the high PDA/reader mechanical failure rate. The POC department had to invest a significant amount of time retraining staff and orchestrating equipment repairs.
